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Abstract
Cystic Fibrosis (CF) is an autosomal recessive disorder affecting the chloride transport in mucus-producing epithelial cells.
The disease is caused by mutations in the Cystic Fibrosis Transmembrane conductance Regulator (CFTR), which is
responsible for trans-epithelial chloride transport. Approximately 1900 mutations and gene variants of the CFTR have been
described. The spectrum of major White-European mutations includes F508del, G542X, G551D and N1303K. F508del is
the most common CF-causing mutation, found in approximately 70% of all CF patients worldwide. The spectrum of CF
mutations of Arab populations is under-investigated. However, initial molecular-epidemiological studies indicate the
existence of specific CF mutation clusters within geographical regions in the Middle East, suggesting specific distributions
of CF mutation carrying chromosomes in this part of the world. We showed that the world-wide rare CF mutation S549R is
the predominant disease causing mutation in the Omani population. We reported that S549R, together with two other
identified mutations, F508del and the rare private mutation V392G, are genetically linked to the exonic methionine
polymorphism c.1408A>G; p.Met470Val at exon 10 and the intronic dimorphic 4-bp GATT 6-repeat at intron 6,
c.744_33GATT[6_8]. We detected three haplotypes in 28 alleles of the Omani CF cohort and 408 alleles of our control
cohort of unrelated and unaffected Omani volunteers. The CF disease associated haplotype consisting of an M allele and a
6-repeat expansion, occurred with an allele frequency of only 0.174 in the normal Omani population. The discriminative
power of the haplotype was attributed to the intronic dimorphic 4-bp GATT 6-repeat. Furthermore, we found only one
mutation, c.1733_1734delTA in the Omani CF cohort which deviated from the rule and shared the most common
haplotype, a V allele and a 7-repeat extension, with the normal population.
Key words: Arab populations, Mutations, Cystic Fibrosis, Cystic Fibrosis Transmembrane Conductance Regulator, S549R, Oman,
Haplotypes, Diplotypes, M470V

1. Introduction
Cystic fibrosis (CF) (OMIM 602421) is the most
common autosomal recessive inherited disorder in WhiteEuropean populations. The disease is caused by mutations
in the cystic fibrosis transmembrane conductance
regulator (CFTR), which is a chloride channel at the
apical membrane of mucus producing epithelial cells
(Kerem et al., 1989; Riordan et al., 1989; Rommens et al.,
1989). The CFTR protein is predominantly expressed in
epithelial cells of the lung, pancreas and gastro-intestinal
tract. Mutations in the CFTR gene and their differential
impact on the number of ion channels reaching the plasma
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membrane, on the passage of chloride ions through the
ion-conducting pathway or the amount of intrinsic ATPdriven activity of CFTR, result in altered chloride
conductance and lead consequently to a multiple organ
involvement in CF or CF-related disorders (Sheppard et
al., 1996; Wang et al., 2014). The classical clinical CF
phenotype is characterized by repeated obstruction and
infection of the lung (Ciofu et al., 2013), a failure to
thrive as a consequence of mal-digestion (pancreatic
involvement) and mal-absorption (gastro-intestinal
involvement) (Gelfond et al., 2013).
Moreover, specific mutations in this gene can
contribute to a form of male infertility known as
Congenital Bilateral Absence of the Vas Deference
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(CBAVD) (Daudin et al., 2000), idiopathic and chronic
pancreatitis (Cohn, 2005; Sharer et al., 1998; Witt, 2003)
and bronchiectasis (Feldman, 2011).
Following the cloning of the CFTR gene, detailed
studies of CF causing mutations and the elucidation of
mutational panels for CF in the White-European
populations emerged (Bobadilla et al., 2002; Grody et al.,
2001; Watson et al., 2004). CF has an overall prevalence
of approximately 1:2500 and a carrier frequency of 1:25
in White-European populations (Bobadilla et al., 2002).
Currently more than 1900 CF mutations and sequence
variations have been reported and documented (Cystic
Fibrosis Mutation Database; accessed June 2014). The
major mutation in White-European populations is
F508del,
a
deletion
of
phenylalanine
at
c.1521_1523delCTT in exon 10 which has an average
frequency of approximately 70% (Bobadilla et al., 2002).
Only four other CFTR mutations, G542X, N1303K,
G551D and W1282X, have worldwide allele frequencies
above 1% in White-European populations (Estivill et al.,
1997). Therefore the majority of CFTR mutations must be
considered as rare or private and their regional occurrence
can be attributed to subpopulations either geographically
(e.g., G551D) or religiously (e.g., W1282X) (Estivill et
al., 1997; Bobadilla et al., 2002).
This situation appears to be different among Arab
populations. The spectrum of CF mutations, incidence
and prevalence of the disease are largely unknown in the
Arab populations (Wei et al., 2006). However, emerging
studies suggest that the major and predominant CF
mutations of Arab populations are different from the
known CF mutational patterns in White-European
populations. To date, a predominant major CF mutation,
like the F508del CF mutation in White-European
populations, was not described in Arab populations.
Disease causing mutations for the majority of CF cases in
Arab populations are considered as rare or private in
White-European and other populations. For instance, the
mutation I1234V is a major mutation in Qatar (Wahab et
al., 2001), whereas in Saudi Arabia 3120+1G>A appears
to be the most common and predominant CFTR mutation
(El-Harith et al., 1997). The CFTR mutation E1140X was
reported with 40% as the most common mutation in Libya
(Fredj et al., 2011). Another specific and distinct
mutational pattern was reported for Oman (Fass et al.,
2014) and the neighboring country, the United Arab
Emirates (UAE) (Frossard et al., 1997). The CFTR
mutation S549R, a mutation altering the signature motif
of the CFTR protein, is disease causing for more than
75% of all CF cases in both Gulf countries (Fass et al.,
2014; Frossard et al., 1997; Lestringant et al., 1999).
The CF mutational panel of Oman is defined by two
major mutations S549R and F508del with frequencies in
the patient cohort of 0.75 and 0.14, respectively. Other
mutations, which account for the remaining allele
frequency of 0.11, were private and occurred in single
patients or families (Fass et al., 2014). Carrier screening
for all identified Omani mutations of a student population
at Oman Medical College confirmed clinical CF incidence
data and allowed the estimation of a CF prevalence of
1:8,264 in the country (Fass et al., 2014).

The absence of genetic evidence for an accumulation
of CFTR mutations at a specific region in the CFTR gene,
a so-called hot spot, suggests different reasons for the
occurrence of the large number of CFTR mutations in
various populations. One of the reasons might be a
selective advantage of specific variants of the CFTR gene
(Pompei et al., 2006). It was known even before the
cloning of the CFTR gene that DNA polymorphisms such
as short tandem repeats and single-nucleotide
polymorphisms (SNP) co-segregate with disease causing
alleles (Cutting et al., 1984). These various polymorphic
markers were used for genetic counseling, risk assessment
and carrier predictions (Beaudet et al., 1989), and served
as tools for the identification of the origin, age and
evolution of CFTR mutations (Morral et al., 1994).
Haplotype frameworks are known for common WhiteEuropean CFTR mutations but remained almost
completely unexplored within the specific mutation
patterns of Arab populations.
Two characteristic polymorphic markers in the CFTR
gene are c.1408A>G (p.Met470Val; M470V), and c.74433GATT[6_8], which will be abbreviated henceforth as
M/V and 6/7 polymorphism, respectively (Kerem et al.,
1990; Chehab et al., 1991; Gasparini et al., 1991). The
M/V polymorphism is an exonic diallelic marker in exon
10 of the CFTR gene. The M allele is known to be
associated with the CFTR mutation F508del (Cuppens et
al., 1994; Pompei et al., 2006). Physiological differences
between the wild type (wt) V and M allelic CFTR variant
exist. It has been reported that the M allele of wt-CFTR
gene exerts a higher chloride conductance (Cuppens et al.,
1998). Another more recent study by Kosova et al. (2010)
reports that the M allele is associated with a lower birth
rate in fertile man. The 6/7 polymorphism is a sequence
alteration in intron 6 of the CFTR gene (Chehab et al.,
1991; Gasparini et al.,1991). The 6-GATT repeat
structure was reported to be associated with F508del but
have remained under-explored in other non-F508del
White-European CFTR mutations. A potential
physiological consequence has not been reported and
seems unlikely because of the distance of this sequence
alteration to the splice site.
The aim of this study is to classify the initial haplotype
patterns of the M/V and 6/7 polymorphisms for the
recently identified Omani mutations in an Omani CF
cohort and a corresponding Omani control cohort. An
analysis of haplotype patterns has the potential to identify
the origin of the mutation and specify the genetic risk
assessment in clinical practice.
2. Materials and Methods
2.1. Omani CF Patient and Volunteer Cohort
The Omani CF patient and volunteer cohorts were
described elsewhere (Fass et al., 2014). An informed
consent was taken from the 14 unrelated CF patients and
the 204 unrelated student volunteers from Oman Medical
College in Sohar. Consanguinity is high in the Omani
population (Rajab and Patton, 2000). We ensured, by a
questionnaire, that the enrolled volunteers are not related
to each other. Furthermore, we inquired about the
geographic origin of the parents and the grandparents of
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the volunteer. The ancestry of 172 (84.35%) volunteers
could be traced over three generations to the territory of
Oman. DNA was isolated from ethylene-diamine-tetraacidic acid (EDTA) buffered blood using the Wizard®
genomic DNA Purification Kit (Promega Corp., Madison,
Wisconsin, USA) according to the manufactures protocol.
The disease causing mutations were identified in the
Omani CF cohort by analysis of the entire exonic region
and the flanking introns of the CFTR gene (Fass et al.,
2014). The following CFTR mutations occur in the CF
cohort in this study: (1) S549R (c.1647T>G,
p.Ser549Arg), (2) F508del (c.1521_1523delCTT, p.Phe
508del), (3) V392G (c.1175T > G, p.Val392Gly), and (4)
c.1733_1734delTA with allele frequencies of 0.75, 0.14,
0.035 and 0.075, respectively. The clinical characteristics
and the severity of CF for those mutations have been
recently reported (Fass et al., 2014).
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2.2. Determination of Polymorphic Loci
Two polymorphic loci M/V and 6/7 were investigated
in 28 CF patients’ alleles and 408 alleles of the volunteer
control cohort.
The M/V polymorphism was analyzed by restriction
digest with HphI (New England Bio Labs Inc, Ipswich,
Massachusetts, USA) (Kerem et al., 1990). Briefly, PCR
primer and amplification conditions were applied as
described previously (Fanen et al., 1992). For the
restriction digest 10 µL of amplification product was
digested with four units of HphI in a total volume of 15
µL overnight. The restriction fragments were separated
and visualized by electrophoresis of a 3% agarose gel at
90 volts for 30 minutes (Figure 1A). The 6/7
polymorphism at intron 6 was analyzed by DNA shift
assay using polyacrylamide gel electrophoresis (PAGE)
(Chehab et al., 1991). For the amplification of the 4-bp
GATT repeat structure at intron 6 reported primers and
PCR conditions were used (Zielinsky et al., 1991). 3 µL
amplification products were mixed with 7µL 6X
bromophenol blue / xylene cyanol-loading dye. Electrophoresis was conducted on 10% PAGE gels (32cm x
18cm x 0.75mm), in 1X Tris-acetate-ETDA buffer (TAE)
at 250 volt for 6-8 hours. The DNA shift was visualized
by silver staining (Fass et al., 2014) (Figures. 1B and C).

C
Figure 1. Representative analysis of the polymorphic loci in
Omani CF patients (CF-Pts) and volunteers of the Omani Control
Cohort (Vol): (A) Polymorphism M470V (M/V) of exon 10:
Restriction digest with HphI on 3% agarose; The restriction site
is abolished in the M allele of the M/V polymorphism. L 1: Vol=
V/V (homozygote V/V); L 2-4+8: Vol=M/V (heterozygote M/V);
L 6-7: Pts=M/M (homozygote M/M); (B) Dimorphic 4-bp GATT
repeat polymorphism (6/7) of intron 6: DNA shift assay, 10%
PAGE, silver staining: CF-Pts samples L1-9: S549R/S549R and
L10-11: F508del/F508del. CF-Pts carry the 6 allele. (C)
Dimorphic 4-bp GATT repeat polymorphism (6/7) of intron 6:
DNA shift assay, 10% PAGE, silver staining: Vol Samples L 2,
4-6, 8-12: Vol=7/7 (homozygote 7/7), L 1,3 and 7: Vol=6/7
(heterozygote 6/7)

2.3. Analysis of Allele Frequencies, Haplotypes and
Diplotypes
The allele frequencies of the polymorphic loci were
established by direct allele counting. The two investigated
polymorphic markers (M/V and 6/7) result in 4
theoretically possible haplotypes (M6, M7, V6, V7) and,
consequently, 10 theoretically possible diplotypes
(M6M6, M6V7, M6M7, M7M7, M7V7, V7V7, V7V6,
V6V6, V6M7, V6M6). The Chi-square test (χ2) was
applied to compare the allele frequency differences
between the Omani CF patient cohort and the Omani
volunteer cohort.
3. Results
3.1. Allele frequency of M/V and 6/7 polymorphisms in
the cohorts of unaffected Omani Volunteers and Omani
CF patients
The analysis of M/V polymorphism and 6/7
polymorphism of the representative samples from the
Omani volunteer cohort and the Omani CF patient
samples are shown in Figure 1. Homozygote patients for
the major Omani CF mutation S549R (allele frequency
0.75) carry a M allele at the M/V locus which results in an
abolished restriction site of HphI at c.1408A (Figure 1A).
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A similar pattern for the mutation S549R was
observed for the 6/7 polymorphism. Patients, with the
S549R CFTR mutation, are completely homozygote for
the 6-GATT repeat (Figure 1B). In contrast, the 6 allele of
the 6/7 polymorphism was not the most abundant allele in
the Omani volunteer cohort. Figure 1C illustrates the
predominance of the 7 allele in a representative
electrophoresis of 12 samples from the Omani volunteer
cohort.
The M/V polymorphism at exon 10 occurred in the
unaffected Omani population with allele frequencies of
0.392 and 0.607, respectively (Figure 2A). In contrast, the
6/7 polymorphism at intron 6 was less polymorphic and
was detected in the control cohort with allele frequencies
of 0.177 and 0.822, respectively (Figure 2B).
However, the 28 investigated alleles of the CF patients
revealed an almost completely different distribution of the
M/V and 6/7 polymorphism. The M and 6 polymorphic
makers were both associated with the Omani mutations
S549R, F508del and V392G. The allele frequency for
each the M and 6 polymorphism was 0.928 (Figure 2). In
contrast, only the alleles of the mutation
c.1733_1734delAT were associated with the V and 7
polymorphisms and were found with a frequency of 0.071
for both polymorphic sites.

3.2. Haplotypes and Diplotypes of the Omani CF and
control cohorts
Out of four theoretically predicted haplotypes (M6,
M7, V6, V7), only three were observed in the Omani
population. The haplotype V6 was neither found in 408
alleles of the volunteer cohort nor in 24 alleles of the CF
patient cohort. Therefore, only the haplotypes M6, M7
and V7 appeared to exist in the Omani population. The
allele frequencies of the haplotypes M6, M7 and V7 in the
volunteer cohort were 0.174, 0.214 and 0.611,
respectively (Figure 3A).

A

A

B
Figure 3.(A) Haplotypes and (B) Diplotypes frequencies of
exonic polymorphism M470V (M/V) of exon 10 and intragenic,
intronic dimorphic 4-bp GATT repeat (6/7) of intron 6 in the
Omani Control Cohort, and Omani CF patient population: The
Omani mutations S549R, F508del and c.1175T>G are associated
with the haplotype M6 (χ2 = 2.8 x 10-11) and the diplotype M6M6
(χ2 = 2.0 x 10-3). The mutation c.1733-1734 del AT appears as
exception and is associated with the haplotype V7 (χ2 = 2.4x10-5)
and diplotype V7V7 (χ2 = 4.3 x 10-12).

B
Figure 2. Allele frequencies of (A) exonic polymorphism
M470V (M/V) of exon 10 and (B) intragenic, intronic dimorphic
4-bp GATT repeat (6/7) of intron 6 in White-European (Pompei
F. et al 2006; Chehab FF. et al. 1991), Omani Control Cohort,
and Omani CF patient population: The Omani mutations S549R,
F508del and c.1175T>G are associated with the M (χ2 = 3.1x10-8)
and 6 (χ2 = 2.1 x 10-15) allele. Only the muation c.1733-1734 del
AT is associated with V (χ2 = 2.8 x 10-4) and 7 (χ2 = 1.2 x 10-5).

Interestingly, the Omani CF mutations S549R,
F508del and V392G were completely associated with the
haplotype M6 (χ2 = 2.8 x 10-11). This high haplotype
frequency of M6 for the mutated alleles stands in a
significant contrast to the haplotype frequency of M6 in
the volunteer cohort, where it was detected with an allele
frequency of only 0.174 (χ2 = 2.8 x 10-15) (Figure 3A).
The association of M6 implies a specific genomic
polymorphic pattern surrounding the most common
Omani CF mutation S549R and the other two mutations,
F508del and V392G. In contrast, only the two alleles of
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the mutation c.1733_1734delAT are associated with a V7
haplotype. The V7 haplotype is the most common
haplotype in the Omani population (Figure 3A). Caused
by the absence of the V6 haplotype in the control and
patient cohort, only 6 diplotypes out of 10 possible
combinations were detected. The diplotypes V7V7,
V7M7 and V7M6 were with 82.5% predominance in the
volunteer cohort and occurred with relative frequencies of
0.401, 0.238 and 0.186, respectively (Figure 3B). The
diplotypes, M7M6, M7M7, M6M6 occurred with 17.7%,
were less frequent and had relative frequencies of 0.098,
0.052 and 0.026, respectively. However, the Omani CF
patients with the mutation S549R, F508del and V392G
were homozygote for M and 6 and form a M6M6
diplotype. The M6M6 diplotype in the patient cohort had
a relative frequency of 0.928. The test of the association
between the control cohort and the patient cohort revealed
a strong association of S549R, F508del and V392G with
the diplotype M6M6 (χ2 = 2 x 10-3). Surprisingly, only the
private mutation c.1733_1734delAT was linked to the
V7V7 diplotype and had a relative frequency of 0.071.
The very strong association of S549R to the haplotype
M6 and, consequently, to the diplotype M6M6 revealed a
core characteristic of the mutation associated polymorphic
pattern in the CFTR gene which seems rare in the normal
Omani population.
4. Discussion
We have previously observed, during routine
diagnostic gene wide screening of all exons and intronic
borders of CFTR in suspected CF-patients that the
predominant Omani mutation S549R occurred together
with specific polymorphisms. This initial observation
prompted us to study the two polymorphic loci M/V and
6/7 in 28 alleles of Omani CF patient cohort and in 408
alleles of unrelated and unaffected Omani healthy
volunteers. Our initial observation about the genetic
association of specific polymorphisms with alleles
carrying S549R was immediately confirmed by the
analysis of the M/V and 6/ 7 loci for representative
samples (Figure 1). The M and 6 allele of the M/V and
6/7 polymorphism were linked to the Omani mutation
S549R. In addition, we observed that this linkage
occurred to F508del and V392G (Figure 2). An exception
was the private mutation c.1733_1734delTA, a recently
reported CFTR mutation from Oman which caused a
frameshift and a formation of a premature stop codon
(Fass et al., 2014). This mutation was associated with a V
and 7 allele. A V7 haplotype is the predominant haplotype
in the volunteer cohort with an allele frequency of 0.611
(Figure 3).
The occurrence of the allele frequencies of the M/V
polymorphism in the unaffected Omani population was
0.392 and 0.607, respectively. This observation is similar
to the reported M/V allele frequencies in the Caucasian
population where M/V was reported with allele
frequencies of 0.39 and 0.62, respectively (Pompei et al.,
2006).
It was reported earlier that the M allele of the M/V
polymorphism is associated with the CF mutation
F508del (Cuppens et al., 1994; Dork et al., 1994;
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Ciminelli et al., 2007; Pompei et al., 2006). Therefore, the
association of F508del with the M allele of the M/V
polymorphism in our Omani CF cohort confirms this
observation. One plausible reason for the association of
F508del and other CF mutations might be a selective
advantage of the V over the M allele in the CFTR gene
(Pompei et al., 2006). Although the M/V sequence change
in the CFTR gene is considered as a polymorphism, the
physiological responses of both alleles appear different,
which indirectly supports the notion of a selective
advantage of the V allele (Cuppens et al., 1998; Kosova et
al. 2010).
Furthermore, it has been reported that the association
of non-F508del mutations is correlated to the genetic
distance from the M allele (Ciminelli et al., 2007). The
Omani mutation S549R in exon 11 occurs 28 kb away
from the M470 site and, therefore, within a distance
where a genetic association is expected (Ciminelli et al.,
2007). However, we observed that the private mutation
V392G shares similar associations with the M
polymorphism. This mutation occurs in exon 8 and,
therefore, is far from the M470 site.
The intronic 6-GATT repeat structure of the 6/7
polymorphism was linked to the reported Omani CF
mutations S549R, F508del and V392G and had an allele
frequency in the patient population of 0.928. In contrast,
the allele frequency of 0.177 of the 6 polymorphism in the
volunteer cohort was a rare genetic manifestation. This
means that the 6 polymorphism is by 42% less frequent in
the Omani volunteers in comparison to the reported
frequency of 0.29 in White-European populations
(Chehab et al., 1991) (Figure 2). Its low allele frequency
provides a discriminative power for a potential risk
assessment of the genetic predisposition of a disease
causing CFTR mutation within the Omani population.
Due to the absence of a V6 haplotype, the M6 haplotype
appears to define a CF disease predisposition in Oman.
The allele frequency of 0.17 for M6 represents 35
unaffected healthy individuals of the Omani control
cohort. This means that those 35 individuals (70 alleles)
are on higher risk of being CF carriers, whereas other
volunteers have a reduced risk. We found two CF carriers
in 204 individuals, one carrier with S549R and another
with F508del (Fass et al., 2014). Both CF carriers had a
M6 haplotype which highlights the clinical genetic
significance of haplotypes as additional CFTR screening
tools. It is possible that other, yet unidentified
polymorphisms or haplotypes are associated with an even
larger discriminative power to S549R and other Omani
mutations. A further exploration and extension of
haplotype pattern in the Omani population would clarify
the origin and character of the rare mutation
c.1733_1734delTA which shared the V7 haplotype.
5. Conclusion
We demonstrated that the major Omani CFTR
mutation S549R, together with two other identified CFTR
mutations in the Omani population, F508del and V392G,
are associated with the haplotype M6 of the polymorphic
markers M/V and 6/7. M6 is a rare haplotype in the
Omani population, suggesting a migration of this
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haplotype into the population. A fourth, recently
identified CFTR mutation in Oman, c.1733_1734delTA,
was associated with the haplotype V7. The highest
haplotype frequency in the unaffected Omani population
is V7. Although the association of the haplotype V7 with
CF appeared like an exception, there is the possibility that
this rare mutation originates from Oman.
Acknowledgement
This research was funded by a grant from the Oman
Research Council (TRC Grant #ORG OMC HSS
100008). The research was part of a plenary talk during
the International Conference of the Humboldt Kolleg,
“Networking for the enhancement of Research in Jordan,”
in Amman, Jordan (April 4-6, 2014). The authors would
like to express their deep appreciation to Prof. Dr.
Marwan Mousa for his insightful planning and
organization of this beneficial and interactive meeting. In
addition, we express our thanks to Dr. A. Rodney, Head
of the Department, and the rest of our colleagues of the
Department of Pediatrics of Sohar Regional Teaching
Hospital for their discussion of potential clinical aspects
of this genetic research work. We thank the students of
Oman Medical College Sohar for their volunteerism in
providing blood for the population based aspects of the
study.
References
Beaudet AL, Feldman GL, Fernbach SD, Buffone GJ and Brien
WE. 1989. Linkage disequilibrium, cystic fibrosis and genetic
counseling. Am J Hum Genet,44: 319-326
Bobadilla JL, Macek M, Fine JP and Farrell PM. 2002. Cystic
fibrosis: A worldwide analysis of CFTR mutations: Correlation
with incidence data and application to screening. Hum Mutat,19:
575-606.
Ciminelli BM, Bonizzato A, Bombieri C, Pompei F, Gabaldo M,
Ciccacci C, Begnini A, Holubova A, Zorzi P, Piskackova T,
Macek M, Catellani C, Modiano G and Pignatti PF. 2007. Highly
preferential association of NonF508del CF mutations with the
M470 allele. J Cyst Fibr, 6:15-22
Chehab FF, Johnson J, Louie E, Goossens M, Kawasaki E and
Erlich H. 1991. A dimorphic 4-bp repeat in the cystic fibrosis
gene is in absolute linkage disequilibrium with the ΔF508
mutation: implication for prenatal diagnosis and mutation origin.
Am J Hum Gent, 48: 223-226

Cutting GR, Antonarakis SE, Buetow KH, Kasch LM,
Rosenstein BJ and Kazazian HH. 1984. Analysis of DNA
polymorphism haplotypes linked to the cystic fibrosis locus in
North American Black and Caucasian Families supports the
existence of multiple mutations of the cystic fibrosis gene. Am J
Hum Gent, 44: 307-318
Cystic Fibrosis Mutation Database. www.genet.sickkids.on.ca
accessed: June 2014
Daudin M, Bieth E, Bujan L, Massat G, Pontonnier F and
Mierusset R. 2000. Congenital bilateral absence of the vas
deference: Clinical characteristics, biological parameters, cystic
fibrosis transmembrane conductance regulator gene mutations
and implications for genetic screening. Fertil Steril, 74: 11641174
Dork T, Fislage R, Neumann T, Wulf B and Tummler B. 1994.
Exon 9 of the CFTR gene: splice site haplotypes and cystic
fibrosis mutations. Hum Genet, 93: 67-73
El-Harith EA, Dӧrk T, Stuhrmann M, Abu-Srair H, Al-Shahari
A, Keller KM, Lentze MJ and Schmidtke J. 1997. Novel and
characteristic CFTR mutations in Saudi Arab children with
severe cystic fibrosis. J Med Genet, 34: 996-999
Estivill X, Bancells C, Ramos C and The Biomed CF Mutation
Analysis Consortium.1997. Geographic distribution and regional
origin of 272 cystic fibrosis mutation in European populations.
Hum Mutat, 10: 135-154
Fanen P, Ghanem N, Vidand M, Besmond C, Martin J, Costes B,
Plassa F and Goossens M. 1992.Molecular characterization of
cystic fibrosis: 16 novel mutations identified by analysis of the
whole cystic fibrosis conductance transmembrane regulator
(CFTR) coding regions and splice site junctions. Genomics, 13:
770-776
Fass U, Al-Salmani M, Bendahhou S, Shivalingam G, Norrish C,
Kallesh H, Clark F, Heming T and Al-Khusaiby S. 2014.
Defining a Mutational Panel and Predicting the Prevalence of
Cystic Fibrosis in Oman. Sultan Quaboos Univ Med J, 14(3) 294299
Feldman C. 2011. Bronchiectasis. New approaches to diagnosis
and management. Clin Chest Med, 32(3): 535-546
Fredj SH, Fattoum S, Chabchoub A and Messaoud T. 2011. First
report of cystic fibrosis mutations in Libyan cystic fibrosis
patients. Ann Hum Biol, 38(5): 561-563
Frossard PM, Girodon E, Dawson KP, Ghanem N, Plassa F and
Lestringant GG. 1997. Identification of cystic fibrosis mutations
in the United Arab Emirates. Hum Mut, 11: 412-13 On-line
Mutation-in-Brief #133

Ciofu O, Hansen CR and Høiby N. 2013. Respiratory bacterial
infections in cystic fibrosis. Curr Opin Pulm Med, 19: 251-8

Lestringant G., Girondo E, Goossens M and Dawson KP. 1999.
Determination of the prevalence of cystic fibrosis in the United
Arab Emirates by genetic carrier screening. Clin Genet, 55: 496497

Cohn JA. 2005. Reduced CFTR function and the pathobiology of
idiopathic pancreatitis. J Clin Gastroenterol, 39: (4 Suppl.2)
S70-77

Gasparini P, Dognini M, Bonizzato A, Rignatti F, Morral N and
EstvillX.1991. A tetranucleotide repeat polymorphism in the
cystic fibrosis gene. Hum Genet, 86: 625

Cuppens H, Teng H, Raeymaeckers P, De Bock C and Cassiman
JJ. 1994. CFTR haplotype backgrounds on normal and mutant
CFTR genes. Hum Mol Genet, 3: 607-614

Gelfond D and Borowitz D. 2013. Gastrointestinal complications
of cystic fibrosis. Clin Gastroenterol Hepatol,11: 333-342

Cuppens H, Lin W, Jaspers M, Costes B, Teng H,
Vankeerberghen A, Jorissen M, Droogmans G, Reynaert J,
Goosens M, Nilius B, and Cassiman JJ. 1998. Polyvariant mutant
cystic fibrosis transmembrane conductance regulator genes. The
polymorphic (TG) m locus explains the partial penetrance of the
T5 polymorphism as a disease mutation. J Clin Invest, 101(2):
487-496

Grody WW, Cutting GR, Klinger KW, Richards CS, Watson MS
and Desnick RJ, Subcommittee on cystic fibrosis, Accreditation
of genetic services committee, ACMG, American College of
Medical Genetics. 2001. Laboratory standards and guidelines for
population-based cystic fibrosis carrier screening. Genet Med,
3(2): 149-154
Kerem B, Rommens JM, Buchanan JA, Markiewicz D, Cox TK,
Chakravarti A, Buchwald M and Tsui LC. 1989. Identification of

© 2015 Jordan Journal of Biological Sciences. All rights reserved - Volume 8, Number 1

the cystic fibrosis
245(4922):1073-1080

gene:

genetic

analysis.

43

Science,

Identification of the cystic fibrosis gene: chromosome walking
and jumping. Science, 245(4922):1059-1065

Kerem B, Zielenski J, Markiewicz D, Bozon D, Gazit E, Yahaf J,
Kennedy D, Riordon JR, Collins FS, Rommens JM and Tsui
LC.1990.Identification of mutations in regions corresponding to
the two putative nucleotide(ATP)-binding folds of the cystic
fibrosis gene. Proc Natl Acad Sci USA, 87: 8447-8451

Sharer N, Schwarz M, Malone G, Howarth A, Painter J, Super M
and Braganza J. 1998. Mutations of the cystic fibrosis gene in
patients with chronic pancreatitis. N Engl J Med,339: 645-652

Kosova G,Pickrell JK, Kelley JL, McArdle PF, Shuldiner AR,
Abney M and Ober C. 2010. The CFTR Met470 allele is
associated with lower birth rates in fertile men from a population
isolate. PLoS Genet, 6(6): e1000974
Morral N, Bertranpetit J, Estivill X, Nunes V, Casals T, Gimenez
J, Reis A and et al.. 1994. The origin of the major cystic fibrosis
mutation F508del in European populations. Nat Genet,7: 169175
Pompei F, Ciminelli BM, Bombieri C, Ciccacci C, Koudova M,
Giorgi S, Belpinatti F, Begnini A, Cerny M, Des Georges M,
ClaustresM, Ferec C, Macek M, Modiano G and Pignatti PF.
2006. Haplotype block structure study of the CFTR gene. Most
variants are associated with the M470 allele in several European
populations. Eur J Hum Genet,14: 85-93
Riordan JR, Rommens JM, Kerem B, Alon N,Rozmahel R,
Grzelczak Z, Zielenski J, Lok S, Plavsic N, Chou JL, Drumm
ML, Iannuzzi MC, Collins FS and Tsui LC. 1989. Identification
of the Cystic Fibrosis gene: cloning and characterization of
complementary cDNA. Science, 245(4922):1066-1073
Rajab A and Patton MA. 2000. A study of consanguinity in the
Sultante of Oman. Ann Hum Biol, 27: 321-326
Rommens JM, Iannuzzi MC, Kerem B, Drumm ML, Melmer G,
Dean M, Rozmahel R, Cole JL, Kennedy D, Hidaka N, Zsiga M,
Buchwald M, Riordon JR, Tsui LC and Collins FS. 1989.

Sheppard DN and Ostedgaard LS. 1996.Understanding how
cystic fibrosis mutations cause a loss of Cl- channel function.
Mol Med Today, 2(7): 290-297
Wahab AA, Al-Thani G., Dawod ST, Kamboursi M and AlHamed M. 2001. Heterogenity of the cystic fibrosis phenotype in
a large Kindred family in Quatar with cystic fibrosis mutation
(I1234V). J. Trop Pediatr, 47: 110-112
Wang Y, Wrennal JA, Cai Z, Li H and Sheppard DN. 2014.
Understanding how cystic fibrosis mutations disrupt CFTR
function: From single molecules to animal models. Int J Biochem
Cell Biol, 52: 47-57
Watson MS, Cutting GR, Desnick RJ, Driscoll DA, Klinger K,
Mennuti M, Palomaki GE, Popovich BW, Pratt VM, Rohlfs EM,
Storm CM, Richards CS, Witt DR and Grody WW. 2004. Cystic
fibrosis population carrier screening 2004 revision of American
College of medical Genetics mutation panel. Genet Med, 6(5):
387-391
Wei S, Feldman GI and Monaghan KG. 2006. Cystic fibrosis
testing among Arab-Americans. Genet Med, 8: 255-258
Witt H. 2003. Chronic pancreatitis and cystic fibrosis. Gut, 52:
Suppl. 2: ii 31-41
Zielinski J, Rozmahel R, Bozon D, Keren B, Grzelczak Z,
Riordan JR, Rommens J and Tsui LC. 1991. Genomic DNA
sequence of the cystic fibrosis transmembrane conductance
regulator
(CFTR)
gene.
Genomics,
10:
214-28

